Abstract: Human-Computer Interaction (HCI) and Interaction Design (IxD) are fields that acknowledge that understanding users' is at the core of successful design for all interactive products. User-centred design is about developing products that are easy, effective and enjoyable to use from the users' perspective. Furthermore, interactive products with engaging usable interfaces positively influence user experience and performance. On the other hand, we could question if there is a user interface to an application or interactive system that is equally effective and appealing to all types of users. The paper briefly introduces relevant concepts and presents a number of approaches to interface evaluation that support design and development of usable interactions. Conducted empirical research in different application domains paves the way to design methodologies for efficient assessment of different interfaces and forms of interaction. Since developed evaluation approaches proved successful, they could be reused by other researchers in the field due of their systematic structure.
INTRODUCTION
We are living in an era of advanced technology; every one of us is so dependent on technology and this is increasing day by day. Technology impacts our lives in different ways since it is not difficult to spot just how much of information society technology (IST) products and services, or in other words interactive products, we use in our daily life to accomplish different tasks. Here the term interactive products can be used generally to refer to all classes of technologies, interactive systems, environments, tools, applications, services and devices [1] . Typically, interactive products have been engineered as systems that provide certain functionality. While they may have work effectively from the engineering perspective, it is often questionable how humans will use the system (via its user interface). In that respect a main objective is to address this concern by bringing usability as well as user experience into design process.
In general, designing interactive products with engaging usable interfaces require considering who is going to be using them, how they are going to be used and where they are going to be used [2] . Furthermore, if the individuality of the user is to be taken into account, then the "one-size-fits-all" approach to interface design is not appropriate [3] . Therefore different adaptivity mechanism should be developed and engaged to achieve high level of personalization and adaptive behaviour tailored to individual user. In such context, we could question if there is a user interface to an application or interactive system that is equally effective and appealing to all types of users. Consequently, how can we place the human in the centre of every day interactions thus designing for good user experience for all technologies, systems and products?
To start with, this paper briefly introduces relevant concepts and terminology, also offering some examples of bad designed interfaces of different interactive products that we use in our day-to-day life in order to complete our regular activities. Furthermore, a number of approaches to interface evaluation, which support design and development of usable interaction and high achievement through a pleasant user experience, that have been developed at our HCI Lab/group is presented. The paper also provides insight to different ways to approach user-centred design that our work has addressed on how user individual differences place humans in the centre of every day interaction. Conducted comprehensive empirical research in different application domains, specifically web portal design and technology enhanced learning, paves the way to design methodologies for efficient assessment of different forms of interaction with contemporary technology. A significant contribution of the conducted work is that the developed evaluation approaches proved successful and therefore could be reused by other researchers in the field due of their thorough structure.
II. BACKGROUND TO THE RESEARCH
The fields of Human-Computer Interaction (HCI) and Interaction Design (IxD) acknowledge that understanding users' needs is at the core of successful designs for all interactive products. Mainly, is about developing systems that are easy, effective and enjoyable to use from the users' perspective. In this emerging knowledge society for all, user interfaces of interactive products are unquestionably important; interfaces that are more closely tailored to the way people naturally work, live, acquire knowledge and, in general, accomplish different tasks. This leads to user-centred design [4] and user sensitive design [5] , as the natural and most appropriate methodology developed out of it. Research in the HCI and IxD fields has provided numerous principles and guidelines that can steer product/system designers in making their decisions and consequently design products with usable and engaging interfaces. However, although applying good design guidelines alone is a very good start, it is no substitute for interactive product evaluation.
A. Good vs. Bad Interface Design
Good user interface design is less about a product's beauty and more about its usefulness in delivering relevant functionality. The interface is how user interacts with the technology; it can make all the difference between a good and bad user experience. A compilation of a number of bad designed interfaces of technology/products that we daily use in order to accomplish different tasks is shown on Fig. 1 .
B. Usability & User Experience
Usability evaluation plays a fundamental role in humancentred design process because it enables and facilitates design according to usability engineering principles. In general, usability is context-dependent and is shaped by the interaction between users, tasks and system purpose. Consequently, there is no simple definition or meaningful single measure of usability. Nevertheless, usability, a key concept in the HCI field, is commonly related to ease-of-use and ease-of-learning [6] .
A variety of usability evaluation methods have been developed over the past few decades and most are grouped into usability test methods, user-based that involve end-users, and inspection methods engaging HCI experts. Research studies involving different kinds of applications, different user groups and evaluation techniques has been conducted and the need for method combination is well understood in the usability field, see e.g. [7; 8] . Besides, a number of studies comparing user-based evaluation and inspection methods have been conducted [9] . It is concluded that we should make use of complementing usability techniques. Research on usability evaluation clearly searches for methods that produce beneficial results for users and developers at a low-cost, perhaps with the economic of assessment as the most important factor, cf. [10] . Dec. [18] [19] [20] 2017 , ADET, Amity University Dubai, UAE As already stated before, user-centred design is an approach to interactive product/system development that focuses specifically on making systems usable. For the success of the product is necessary to raise the level of its ease of use i.e. usability what will automatically have an influence on positive user experience. Namely, user experience encompasses a more emotional dimension for example, the desire, joy, meaning, reflection, value or frustration that a user experiences. Therefore, user experience is a term that describes a user's feelings towards a specific technology, system, or object during and after interacting with it [11] .
Various aspects influence the feelings, such as the user's expectations, the conditions in which the interaction takes place, and the system's ability to serve the user's current needs.
C. Personalization & Intelligent Interaction
The role of an intuitive interface and a flexible interaction suited to different needs, preferences and interests becomes even more important for the users' success, as users with a wide variety of background, skills, interests, expertise, goals and learning styles are using interactive products for quite diverse purposes. Intelligent user interfaces (IUIs) emerge as a means for making systems individualized or personalized, thus enhancing their flexibility and attractiveness. They are intended to facilitate a more natural interaction between users and systems, by not attempting to imitate human-human communication, but augmenting the human-product interaction process instead [12] . The intelligence in the interface can e.g. make the system adapt to the needs of different users, take initiative and make them suggestions, learn new concepts and techniques or provide explanation of its actions, cf. [13] . System intelligent/adaptive behaviour strongly relies upon user individual differences [3; 14] , and influences the degree of success or failure experienced by users as well.
III. APPROACHES TO INTERFACE DESIGN IN DIFFERENT APPLICATION DOMAINS
In order to support design and development of usable interaction, a number of approaches to user interface evaluation have been developed at our HCI Lab/group. A part of a wide-ranging empirical research that has been undertaken in different application domains, precisely web portal design and technology enhanced learning, is presented in the following.
A. Evaluation of Web Portal Interfaces
The idea of a portal is to collect information from different sources and create a single point of access to information, functions and services that are relevant to one person's work or personal interests. Web portals are a special breed of web sites, providing a blend of information, applications and services [15] . Since portals have more than just information to offer, they are based on more advanced web technologies that go beyond the simple interface of typical web pages. Whether such portals do indeed reach their aim of facilitating users' access to diverse resources at the same time targeting the entire Internet community and, if so, to which extent, remains an open question.
Portals can be categorized in two broad categories: horizontal portals, covering many areas, and vertical portals, focused on one functional area [16] . Our research has been focused on broad reach and news portals, horizontal information portals which cover many areas and target the entire Internet community. The rationale for our choice of portals is the fact that market research findings related to the Croatian web context report that horizontal information portals are the most visited sites. Four most frequently visited news portals were included in the research: Slobodnadalmacija-portal (www.slobodnadalmacija.hr), Jutarnji-portal (www.jutarnji.hr), Vecernji-portal (www.vecernji.hr) and 24sata-portal (www.24sata.hr), see Fig. 2 . In line with the conclusions from the HCI research, the evaluation of horizontal information portal included inspection method along with user testing that integrated three empirical methods into laboratory-based usability evaluation. The experimental approach embraced to critically examine and assess interface design of selected web portals is shown in Fig. 3 [17] .
We have conducted a controlled experiment that advocates scenario-guided user evaluations used to collect both quantitative data and qualitative feedback. Thirty participants with basic computer literacy skills were involved. End-user testing was based on criteria expressed in terms of objective performance measurement of effectiveness and efficiency 2017 International Conference on Infocom Technologies and Unmanned Systems (ICTUS'2017), Dec. 18-20, 2017, ADET, Amity University Dubai, UAE along with subjective users' assessment [18] . The System Usability Scale (SUS), a simple, standard, ten-item attitude questionnaire with a five-point Likert scale [19] , was used for the subjective evaluation. As additional subjective feedback, answers to the semi-structured interview were collected. To check assigned tasks, time interval, measuring instruments and adequacy of hardware and software support, pilot testing was performed.
Fig. 3. Approach to usability evaluation of web portals [17]
User-based testing was supplemented with heuristic evaluation [6] i.e. guideline inspection conducted with four experienced specialists from the HCI field. An evaluation form with a set of principles and auxiliary guidelines was prepared. Experts had to specify a level of agreement with a principle on a seven-point Likert scale and to provide a comment to justify the assigned mark. Additional notes were encouraged and collected.
A series of experiments was conducted, obtaining useful data and producing helpful usability information. It was shown that the chosen research instruments, measures and methods for user-based evaluation were adequate. It was proved that the assessment could be improved with a faster procedure that provides stability of measures with reduced sample size. Achieved testing results were in accordance with the metaanalytic research report on correlations among usability measures [20] . Although some minor correlation between objective and subjective measures has been shown, it is concluded that to acquire precise insight of portals' usability, both measures should be attained.
The approach to web portal interface evaluation proved successful, provided some general findings and know-how from the experience [17] . The most important finding of the studies is that the user-based and inspection methods disagree. Although differences of this kind have already been reported, for example [21] , there were not as evident as in this study. These findings support the assertion already acknowledged by the HCI research, that we should combine both assessment methods to get complete and reliable evaluation feedback.
Technology Enhanced Learning, UNITE Approach
The progress in the field of technology enhanced learning (TEL) has been rather slow, with problems mainly related to poor system design. So far, the development focus has been more on technology aspects rather than on user-centred design issues. Due to the underestimated importance of usability, there are limited studies in the field. Despite the undertaken research and efforts, the TEL field still lacks a widespread culture of usability and user experience.
Approaches that address both the traditional (technical) usability and the pedagogical aspects of TEL systems in the context of use are still a research issue [22] . Additionally, there is a growing need for thorough usability studies whose results would have an impact on "real" TEL design and development. An integrated systematic evaluation approach to help with the design and development of cost-effective learner-centred solutions is required. Obviously, there is a clear need for further elaboration and empirical validation even more as neither a recognized set of heuristics, nor a consolidated evaluation methodology of TEL applications are yet available cf. [23; 24] .
We have conducted a comprehensive usability study that took place within the context of a Europe-wide project. The design of TEL platform evaluated was based on an innovative approach -to provide novel services in education for young Europeans. Fig. 4 shows snapshots of the interface from a workspace of UNITE, a platform implemented in the network of fourteen European schools. The research and experimental work undertaken were in line with the growing need to intensify the development of new usability evaluation approaches in the TEL field and/or to advance the existing ones.
Fig. 4. Snapshot of UNITE interface
The evaluation procedure included inspection reviews, judging system interface compliance with recognized usability heuristics as well as enabling "educational evaluation", and end-user assessments that embody an integration of six empirical methods into laboratory-based usability testing [22] . The experimental approach adopted to critically examine and assess the UNITE usability is illustrated in Fig. 5 .
Fig. 5. Evaluation approach [22]
The evaluation methodology brought together end-user assessments and expert inspections, thus providing a detailed students', teachers' and experts' feedback. We expected to find different problems because of a wide variation in tasks and different assessment methods applied, both empirical and analytic. A number of problems were identified through testing user tasks in a scenario-based testing. Other problems were detected through tasks mentally simulated by experts from both the HCI and the TEL field using inspection methods. We assumed that the usability testing complemented with inspections that rely upon experts judging the interface compliance with recognized usability principles along with considerations of educational perspective would provide a more accurate evaluation.
Our research aimed to present the effectiveness of the engaged evaluation methods as applied to TEL platforms. It offered implications from the empirical findings of the userbased methods together with a quantitative and qualitative analysis of the employed inspection methods. Special attention was given to the aspect of educational evaluation.
The conducted critical usability examination of a large-scale TEL system across several countries in Europe revealed which of the chosen assessment methods should be combined to provide constructive and valuable improvement suggestions.
A more significant contribution of the conducted research was that the used evaluation approach proved successful, providing some general findings and know-how from the experience and could be reused by other researches because of its thorough structure. As there are relatively few existing accounts of usability assessment in the TEL context, this research added to the body of knowledge.
C. Evaluation of 3D Virtual Learning Environments
Advancement of technology brings new potentials for learning by using highly interactive environments such as serious games and 3D virtual worlds. While the modes of interaction in these environments are very natural for contemporary students' generations, we have to keep in mind that the purpose of these solutions is not entertainment itself but the ability to promote learners' motivation and engagement into facilitated learning activities. Furthermore, we expect from virtual learning environments (VLEs) to be beneficial in terms of learning outcomes as an ultimate goal of any knowledge and skills acquisition process. However, due to the lack of empirical evidence that supports this expectation, general agreement on this issue has still not been reached [25; 26] . Therefore, it is important to explore the aspects of VLEs upon which learning benefits depend and to understand the conditions of their application in the context of overall user interaction. An especially important factor of user interaction with a complex system is usability which is insufficiently considered in design and development of TEL systems in general [22] as well as of educational virtual worlds in particular [27; 28] .
Although virtual reality (VR) became popular technology whose application is recognised in various domains, empirical evaluations and related usability studies are still insufficient. This is also evident when considering environments intended for learning, specifically VLEs. According to our findings from examined extended body of relevant research, it is clear that there is a growing need for systematic evaluation approach to help with the design and development of usable learner-centred VLE solutions.
We have proposed comprehensive approach to the evaluation of 3D virtual learning environments that integrates several different methods of usability testing with measurements of educational value. In order to examine the efficiency and applicability of the methodology, empirical validation was conducted as a case study of a particular VLE, particularly V-ALERT Virtual Word [29] (see Fig. 6 for a snapshot of the interface).
Fig. 6. V-ALERT interface
Scenario-based Group Usability Testing is a systematic usability evaluation approach proposed to help with the design and development of usable learner-centred 3D VLE solutions. Additionally, it also enables an assessment of VLE's educational value. While the majority of existing work has made use of usually just one single usability technique for VLE and VR system testing, our methodology employs a number of usability test methods. Specifically, task-based testing with groups of end users, attitude questionnaires, memorability test, interviews along with evaluator's observations for acquisition of additional feedback are included. Furthermore, pre/post-tests that enable acquisition of VLE educational value, are also part of the approach.
Consequently, Scenario-based Group Usability Testing is a mixed method approach that that brings quantitative and qualitative results, thus providing an insight into the ease of use and educational value of the specific virtual learning environment.
IV. CONCLUSION
The main assumption of our work is that placing users at the core of development of all interactive products through the application of user-centred design is the only suitable way for achieving efficient, usable, engaging and humane our every day interactions with all classes of technologies, interactive systems, environments, tools, applications, services and devices. While interactive products may have work effectively from the engineering perspective, it is often questionable how humans will use them via particular user interfaces. In such context a main objective is to address this concern by bringing ease-of-use and ease-of-learning i.e. usability as well as user experience into design and development process.
The paper presents a number of approaches to user interface evaluation that have been developed at our HCI Lab, approaches which support creation of usable interaction and good performance through a pleasant user experience. Conducted comprehensive empirical research in different application domains brings new scientific value and could help other researchers in the field since proposed evaluation approaches showed successful.
